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CHEMICAL  STUDIES  ON  INTESTINAL  INFANTILISM. 
II.  THE RELATION OF ENDOGENOUS TO EXOGENOUS  METABO- 
LISM:  NITROGEN AND  SULPHUR DISTRIBUTION, AND 
CALORIMETER  EXPERIMENTS.* 
BY F. H. McCRUDDEN AND H. L. FALES. 
(From  the Hospital of  The  Rockefeller  Institute  for Medical Research, 
New  York.) 
The studies reported in this  paper were carried out on the same 
three  patients  as  those  described  in  a  previous  paper,  1  and  on  a 
normal boy for comparison.  The normal boy, W. McC., was eleven 
years old and weighed twenty-seven kilos. 
The presence of kreatin, and, at one time, of acetone, in the urine 
of the abnormal cases, and of acetone in the breath of J. P., and the 
very large  amounts  of various  elements lost  through  the  feces of 
these patients, made it seem possible that the lack of absorption was 
leading  to  some  condition  of  starvation  that  was  responsible  for 
the  arrest  of development. 
The  first part  of  the  paper  deals  with the  experiments relating 
to the distribution of nitrogen and  sulphur in the various  nitrogen 
and  sulphur  compounds  in  the  urine,  which  were  carried  out  in 
order to test the starvation supposition.  In normal nutrition,  over 
80  per cent.  of the nitrogen is  excreted in  the  form of urea,  and 
about  8o  per  cent.  of  the  total  sulphur  in  the  form of  inorganic 
sulphates.  The  fraction  of  nitrogen  and  sulphur  occurring  in 
other  forms  is  very low.  In  starvation  or  in  a  low  protein  diet, 
the proportions  of total  nitrogen  as  urea,  and  of total  sulphur  as 
sulphates,  that  indicate  the  degree  of  exogenous  metabolism,  are 
low,  and  the  sulphur  and  nitrogen  in  forms  that  indicate  more 
especially the degree of endogenous metabolism are high.  A  study 
* Received for publication, December 4, 1911. 
1  McCrudden, ]our. Exper. Med., I911, xv, lO7. 
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of the nitrogen and sulphur distribution  in an individual case shows 
which of these two states of nutrition  probably prevails. 
The  determinations  were made  also  for the  purpose  of studying 
the bacterial conditions in the intestines,  as revealed by the changes 
in the ethereal sulphates.  The  attack of acetonuria  referred to led 
us to investigate  the ammonia  excretion,  as being indicative  of the 
degree of acidosis. 
The second part of the paper deals with the determination  of the 
respiratory  quotient after eighteen hours'  starvation,  and gives cer- 
tain  data regarding  the heat radiation.  The  under-development  of 
the individual,  the presence of kreatin,  and,  at one time,  of acetone 
in the urine,  suggested that there might be some difficulty in elabo- 
rating carbohydrates,  and  that,  as a  consequence, the  store  of gly- 
cogen  might  be low.  If  this  were  so,  a  loav  respiratory  quotient, 
indicating  the  oxidation  of  fat,  might  be  expected  after  eighteen 
hours'  starvation. 
NITROGEN  AND  SULPHUR  DISTRIBUTION. 
The  diet was a  mixed  one,  and the patients  were  allowed  to  eat 
about what they wanted.  Table I  gives the data. 
It  will  be  seen  that  the  fractions  of  nitrogen  excreted  as  urea, 
and  of  sulphur  excreted  as  inorganic  sulphates,  are  8o  per  cent. 
and  over.  8  These  are  normal  figures  and  indicate  the  usual  ratio 
between  endogenous  and  exogenous  metabolism.  The  children 
appeared,  therefore, to be absorbing a  sufficient quantity of protein 
for their  metabolism. 
TABLE  II. 
Nitrogen in 
Average nitrogen  Body weight  Body surface4  in  grams per 
excretion in grams  in kilos,  square meters,  square meter of 
per day.  Body surface. 
F.S.  (infantilism)  5.o7  x6.4  o.794  6.38 
J.P.  (infantilism)  5.I8  2z.3  0.946  5.48 
F. H. (infantilism)  5.57  i2.o  0.645  8.60 
W. MeC. (normal 
boy)  xo.83  27.t  1.19o  9.Io 
In F. S., the percentage of inorganic sulphur is slightly lower on account of 
the la,  rge quantities of ethereal sulph'ates. 
~Calculated by the  formula, body  surface= 12.  3 ~/ (body  weight) 2.  Lusk, 
The Elements of the Science of Nutrition', 2d edition., Philadelphia and London, 
I9o9, 89. 116  Chemical  Studies  on  Intestinal  Infantilism. 
That the metabolism is on a low plane may be seen from a calcu- 
lation of the amount of nitrogen metabolized per square  meter of 
body  surface  (table  II). 
The excretion of nitrogen through the urine in cases of infantil- 
ism is much less than in the normal individual,  and,  except in  the 
very mild case of the boy F. H., is less than the value (6.4 in man) 5 
in starvation.  This is not because an insufficient amount of protein 
is given in the diet,  for, aside  from the fact that the patients were 
given as  much as  they could  well  take,  the  nitrogen  and  sulphur 
distribution  in  the  urine  indicates  that,  for  these  individuals,  the 
amount  was  sufficient.  In  connection  with  this  evidence  of  low 
metabolism, the low kreatinin  fraction found in a  previous experi- 
ment should be remembered2 
The absolute amount of ammonia excreted is low and shows that 
there  is  no tendency toward  acidosis.  The  absorption  of  salts  is 
sufficient to neutralize the acid end products of metabolism, and the 
carbohydrate  metabolism  is  sufficiently active  to  prevent  any  ab- 
normal oxidation of the  fats. 
The  absolute  and  the  relative  quantities  of  ethereal  sulphates 
are  slightly,  but  not  excessively high.  This  pro~bably  indicates  a 
slightly increased, but not excessive amount of intestinal putrefac- 
tion,  although  not  more  th,an  can  be  accounted  for  by  the  fact, 
observed in  other experiments, that absorption  from the intestines 
is poor. 
CALORIMETER  EXPERIMENTS. 7 
The  apparatus  and  methods  used  in  these  experiments are  de- 
scribed briefly by Howland  8 and will be more completely described 
by Williams2  Our results are given in table III.  T'he first column 
gives the outgo of carbon dioxid, the second column shows the in- 
take of oxygen, and the last column gives the respiratory coefficient. 
Volt,  E., Ztschr.  f.  Biol.,  IgOI,  xli,  167. 
e McCrudd~n,  loc.  cit. 
T  Dr.  Graham  Lusk,  of  Cornell  University  Medical  School,  kindly  put  his 
calorimeter  apparatus  at  our  dispos.al  for  these  experiments,  and  Dr.  H.  B. 
Williams  and  Mr.  J.  A. Riche, of  the Department  of  Physiology,  conducted  the 
experiments. 
a Howland,  J'., Ztschr.  f. physiol.  Chem.,  1911, lxxiv, I. 
0 Williams, H.  B.,  cited by  Howland,  loc.  tit. F.  H.  McCrudden  and  H.  L.  Fales.  117 
The patient had received no food since 5 :oo P. y. on the preceding 
day. 
TABLE  III. 
Res~ratory 
Carbon dioxid.  Oxygen.  coel~clent. 
II.IO A.M.  to  I2.10 P.M.  IO.00  9.52  0.76 
I2.I0 P.M.  to  I.I0 P.M.  9.90  8.97  0.82 
Average  o.79 
The respiratory quotient indicates oxidation of a  mixture of fat 
and carbohydrates, and shows that the glycogen store has not been 
used up during eighteen hours' starvation. 
Table  IV  gives  examples  of  the heat  radiation,  which  is  about 
normal. 
TABLE  IV'. 
Calories  per square 
Heat found.  Heat calculated,  meter of surface. 
1.34 P.M.  to 2.34 P.M.  36.68  37.38  929  (awake)  . 
2.34 P.M.  to 3.34 P.M.  32.72  32.8z  84  °  (asleep) 
DISCUSSION. 
Our conclusions, then,  are as  follows:  (I)  that  the metabolism, 
as  a  whole,  is  on a  low plane, 'as  is  indicated by the  fact that  the 
nitrogen excretion per square meter of body surface is at about the 
starvation value;  (2)  that the endogenous metabolism is low, as is 
shown by a  low kreatinin coefficient;  1°  (3)  that the dist~-ibution of 
nitrogen and sulphur 'among the different compounds in the urine is 
in  the ratio  found in normal persons  only when the metabolism is 
on a high plane. 
From the data that  we have obtained,  we  feel justified in  sug- 
gesting certain possibilities,  the value of which can only be proved 
by  further investigation.  It may be  suggested that  possibly some 
fundamental defect  exists  that  prevents  the  body  from  engaging 
in  a  more active metabolism.  Or  there may be  a  long continued 
state  of under-nutrition  due  to  poor  absorption, 1~  which,  at  first, 
leads only to a  low exogenous metabolism, but in time is  followed 
1o McCrudden, loc. elf. 
"Later studies have shown that absorption is very poor. 118  Chemical  Studies  on  Intestinal  Infantilism. 
by a  readjustment whereby the  endogenous metabolism gradually 
falls  to  a  lower  plane,  and  finally  exogenous  and  endogenous 
metabolism come to the normal balance in  such a  way that nitro- 
gen  and  sulphur  distribution  again  become  normal.  Only  one 
instance  of  previous  study  of  the  nitrogen  and  sulphur  distribu- 
tion  after a  very long  period  of  low  nitrogen  diet  has  come  to 
our  attention.  12  In  that  experiment, it  is  true,  the body did  not 
adjust itself in the way we have suggested, but it may be remarked 
that  the  conditions  may have been  different.  However,  that  the 
endogenous metabolism may show a gradual decrease in starvation 
is  indicated by  the  gradual lowering of the  kreatinin excretion,  la 
A  final possibility is that one or more of the amino acid complexes 
of the food protein are so changed by bacterial action in the intes- 
tines that they cannot be utilized by the body. 
SU M M ARY. 
In three cases of intestinal infantilism, the excretion of nitrogen 
in the urine per square meter of body surface was low. 
The heat radiation was normal. 
In  spite  of the  fact that  the  absolute  quantity of nit'rogen was 
low,  the  distribution  of nitrogen  and  sulphur  among the  various 
nitrogen and  sulphur  constituents of the urine was  in  the  normal 
ratio. 
The ammonia excretion was normal. 
The ethereal sulphates were slightly increased. 
The  respiratory coefficient showed that  the  supply  of  glycogen 
had not been used up after eighteen hours' starvation. 
~ Folin, Am..tour. Physiol., 19o5, xiii, 66. 
Cathcart,  Biochem. Ztschr.,  19o7, vi,  lO9. 